It was suggested that the large scale magnetic field can be dragged inwards efficiently by the corona above the disc, i.e., the so called "coronal mechanism" (Beckwith, Hawley, & Krolik 2009), which provides a way to solve the difficulty of field advection in a geometrically thin accretion disc. In this case, the magnetic pressure should be lower than the gas pressure in the corona. We estimate the maximal power of the jets accelerated by the magnetic field advected by the corona. The Blandford-Payne (BP) jet power is found always to be higher than the Blandford-Znajek (BZ) jet power, except for a rapidly spinning black hole with a 0.8. The maximal jet power is always low, less than 0.05 Eddington luminosity, even for an extreme Kerr black hole, which is insufficient for the observed strong jets in some blazars with jet power ∼ 0.1 − 1 Eddington luminosity (or even higher). It implies that these powerful jets cannot be accelerated by the coronal field. We suggest that, the magnetic field dragged inward by the accretion disc with magnetically outflows may accelerate the jets (at least for the most powerful jets, if not all) in the blazars.
INTRODUCTION
Jets are believed to be accelerated by the large scale magnetic field through either the Blandford-Znajek (BZ) or the Blandford Payne (BP) mechanisms (Blandford & Znajek 1977; Blandford & Payne 1982) . The kinetic power of a spinning black hole or the gas in the accretion disc is tapped into the jets with the co-rotating large scale magnetic field. The numerical simulations show that the net field flux is necessary for jet formation (Salvesen et al. 2016) , and the large scale magnetic field accelerating jets may probably be formed by the advection of the external weak field (e.g., the field threading the interstellar medium) (Bisnovatyi-Kogan & Ruzmaikin 1974 , 1976 van Ballegooijen 1989; Lubow, Papaloizou, & Pringle 1994) .
Relativistic jets have been observed in radio-loud quasars. The power of the jets can be as high as the Eddington luminosity in some radio-loud quasars (e.g., Gu, Cao, & Jiang 2009; Ghisellini et al. 2014) . Quasars are accreting at high rates, which may probably contain standard thin accretion discs, which implies that the weak external magnetic field should be dragged inwards by the thin accretion disc in order to form a sufficient strong field to accelerate relativistic jets near the black hole. In a steady case, the advection of the field is balanced with the magnetic diffusion in the accretion disc. The radial velocity of a conventional turbulent accretion disc is mainly regulated by the kinematic viscosity ν, and therefore the field advection in the disc is sensitive to the magnetic Prandtl number Pm = η/ν (η is the magnetic diffusivity). Both the simple estimate of the order of magnitude (Parker 1979 ) and the numerical simulations show that the magnetic Prandtl number is always around unity (e.g., Yousef, Brandenburg, & Rüdiger 2003; Lesur & Longaretti 2009; Fromang & Stone 2009; Guan & Gammie 2009 ). It was found that the advection of the external field is rather inefficient in the geometrically thin accretion disc (H/R ≪ 1) (Lubow, Papaloizou, & Pringle 1994) , because of its small radial velocity. This means that the field in the inner region of the disc is not much stronger than the external weak field (Lubow, Papaloizou, & Pringle 1994) , which is unable to accelerate strong jets in radio-loud quasars.
A few mechanisms were suggested to alleviate the difficulty of field advection in the thin discs (Spruit & Uzdensky 2005; Lovelace, Rothstein, & Bisnovatyi-Kogan 2009; Guilet & Ogilvie 2012 Cao & Spruit 2013) . It was suggested that the external field can be dragged efficiently inwards by the hot corona above the disc, i.e., the so called "coronal mechanism" (see Beckwith, Hawley, & Krolik 2009 , for the details). The radial velocity of the gas above the disc can be larger than that at the midplane of the disc, which partially solve the problem of inefficient field advection in the thin disc (Lovelace, Rothstein, & Bisnovatyi-Kogan 2009; Guilet & Ogilvie 2012 . Alternatively, Cao & Spruit (2013) suggested that the radial velocity of the disc is significantly increased, if the most angular momentum of the gas in the thin disc is removed by the magnetically driven outflows, and therefore the external field can be significantly enhanced in the inner region of the thin disc with magnetic outflows.
In this work, we estimate the maximal strength of the field dragged inwards by the hot corona, and then derive the maximal power of the jets accelerated either by the BP or BZ mechanisms. In Section 2, we estimate the strength of the large scale magnetic field dragged inwards by the corona. The maximal power of the jets accelerated by this magnetic field is derived in Section 3. The last section contains the results and discussion.
MAGNETIC FIELD DRAGGED INWARDS BY THE HOT CORONA
The detailed properties of the corona above the the disc is still unclear, though it has been extensively studied by many authors (e.g., Galeev, Rosner, & Vaiana 1979; Haardt & Maraschi 1991 , 1993 Svensson & Zdziarski 1994; Kawaguchi, Shimura, & Mineshige 2001; Cao 2009 ). However, it is quite certain that the hot corona is geometrically thick and optically thin. In this paper, we use relative thicknessHc = Hc/R and the optical depth τc to describe the corona above the accretion disc. The optical depth of the corona in the vertical direction is
where ρc is the density of the corona, Hc is the corona thickness, and κT = 0.4 g −1 cm 2 is the Compton scattering opacity. The gas pressure of the corona is
where a is the spin parameter of the black hole, and
(see Abramowicz, Lanza, & Percival 1997 , for the details). The conserved angular momentum of the gas L = u φ , and the conserved energy E = −ut. We use a parameter β to describe the magnetic field strength in the corona,
where Bz is the strength of the vertical component of the field, and β < 1 is required for the field advected by the corona. The field strength of the corona is
wherẽ
JET POWER
The power of the jets driven by the field threading a spinning black hole is (MacDonald & Thorne 1982; Ghosh & Abramowicz 1997 )
where B h is the field strength at the black hole horizon R h , and ω 2 F describes the effects of the angular velocity ΩF of the field lines relative to black hole angular velocity. The BZ jet power is maximized if ωF = 1/2 is adopted (MacDonald & Thorne 1982; Ghosh & Abramowicz 1997) . Substituting Equation (5) into Equation (7), we have
or
The gas falls almost freely onto the black hole, and the angular momentum of the gas at the black hole horizon L(r h ) L(rms) (rms is the radius of the marginal stable circular orbits). The conserved energy |E| does not deviate much from the unity, so the second term in Equation (3) is always negligible. The global solution of a relativistic accretion flow surrounding a Kerr black hole shows that the angular momentum of the gas at the black hole horizon is slightly lower than that at the radius of the marginal stable circular orbits (e.g., Abramowicz et al. 1996; Gammie & Popham 1998; . As we intend to estimate the maximal jet power, we conservatively adopt L * = LK(rms) in the estimate of the strength of the field at the black hole horizon.
The power of the jets launched by the BP mechanism is estimated as (Livio, Ogilvie, & Pringle 1999 )
where Rj is the typical radius of the jet formation region in the corona, Ω is the angular velocity of the gas in the corona, B 
As the most gravitational power is released in the inner region of the accretion disc within the radius of ∼ 2Rms (Shakura & Sunyaev 1973) , we adopt Rj = 2Rms in all the estimates of the BP power PBP.
RESULTS AND DISCUSSION
In the case of the magnetic field dragged inwards by the corona, the magnetic pressure is required to be lower than the gas pressure in the corona, i.e., β < 1. In order to estimate the maximal power of the jets driven by the BP or BZ mechanisms, we adopt ωF = 1/2 (Ghosh & Abramowicz 1997) , β = 1, ξ φ = 1, ξ pl = (rms/r h ) 2 , andΩ = 1, while the typical values of the corona parameters, τc = 0.5, andHc = 0.5 are adopted in the estimates (e.g., Cao 2009). The maximal jet powers as functions of the black spin parameter a are plotted in Figure 1 .
The maximal BZ power for the corona with prograde orbits surrounding the spinning black hole is significantly less than 0.01 Eddington luminosity, which is always lower than the BP power for any value of a. This is similar to the accretion disc case (see the discussion in Livio, Ogilvie, & Pringle 1999). The situation is quite different in the retrograde orbit case. For the corona with retrograde orbits, the maximal BP power is higher than the BZ power except for a rapidly spinning black hole (a 0.8) (see Figure 1 ). The maximal BZ power for the retrograde orbit case is higher than that for the prograde case, which is qualitatively consistent with recent numerical simulations, though based on different assumptions (Parfrey, Giannios, & Beloborodov 2015) . The maximal jet power increases with the spin parameter a, which is found to be less than ∼ 0.05 L Edd even for an extreme Kerr black hole. However, it is still insufficient for the observed strong jets with power around the Eddington luminosity in some blazars (e.g., Gu, Cao, & Jiang 2009; Ghisellini et al. 2014; Kang, Chen, & Wu 2014; Zhang et al. 2015) . It implies that these powerful jets cannot be accelerated by the coronal field. We suggest that, the magnetic field dragged inwards by the accretion disc with magnetically outflows may accelerate the jets (at least for the most powerful jets, if not all) in the blazars (Cao & Spruit 2013; Li 2014; Cao 2016) . In this case, hot gas/corona above the thin disc may help launching outflows/jets Cao 2014) , though the field is not formed through "coronal mechanism". For those less powerful jets in radio galaxies, there is evidence that the jets may be closely related to the ADAFs surrounding spinning black holes (e.g., Wu, Yan, & Yi 2013; Feng & Wu 2017 ).
The accretion disc may be vertically compressed by the advected large scale magnetic field (Cao & Spruit 2002; Cao 2011) . This may also be the case for the corona case discussed in this paper. If this effect is properly considered, the maximal magnetic field strength, and then the maximal jet power (either the BZ or the BP power), will be lower than the values derived in this paper, when the relative corona thicknessHc is decreased (see Equation 5 ).
In the strong magnetic field case, the accretion disc may be magnetically arrested by the advected field (Narayan, Igumenshchev, & Abramowicz 2003; Igumenshchev 2008; Cao 2011; Tchekhovskoy, Narayan, & McKinney 2011; Cao, Liang, & Yuan 2014) . The numerical simulations were carried out for the geometrically thick accretion flows, i.e., the advection dominated accretion flows (ADAFs) (Igumenshchev 2008; Tchekhovskoy, Narayan, & McKinney 2011; Tchekhovskoy & McKinney 2012) , which show that the jet efficiency ηjet can be higher than 100% under the certain circumstances (the jet efficiency ηjet = Pjet/Ṁ c 2 , andṀ is the mass accretion rate of the accretion flow). The ADAF is suppressed when the dimensionless mass accretion rateṁ is greater than a critical valueṁcrit (ṁ =Ṁ /Ṁ Edd ), which is suggested to be around 0.01 (Narayan & Yi 1995) . This implies that the maximal jet power for an ADAF should be ∼ 0.1 L Edd .
The advection of the external large scale magnetic field is efficient in the ADAF due to its large radial velocity, and a very strong magnetic field is formed near the black to arrest the accretion flow (Narayan, Igumenshchev, & Abramowicz 2003; Igumenshchev 2008; Cao 2011; Tchekhovskoy, Narayan, & McKinney 2011; Cao, Liang, & Yuan 2014) . This is different from the accretion disc-corona case considered in this paper. In the accretion disccorona system, the external large scale field is dragged inward by the hot corona above/below the disc. Similar to an ADAF, the radial velocity of the hot corona is much higher than that of the thin disc, and the field is advected inward efficiently. However, the dragged field lines will have to pass through the geometrically thin disc located between the coronae. The field dragged by the corona may be diffused in the thin disc, and therefore it is sceptical whether the field can be developed to be so strong to arrest the accretion disc-corona. In this case, the maximal strength of the field advected by the corona is still limited by the condition β 1.
